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Context

« Air emissions impacts of renewable energy are
considered one of the major benefits of the
technologies

* Methods and results from benefits analysis of air
pollution policies and regulations may help energy
modelers to quantify these effects

This presentation:

— Addresses analytic approaches for assessing benefits of air
pollution policies and regulations

— Identifies major issues and uncertainties
— Introduces an EPA tool for benefits analysis
— Offers some results from sample analyses

Other presentations 1n this session address how energy

modelers might use these methods and results
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Elements of a Benefits Analysis

Establish Baseline Conditions (Emissions,
Air Quality, Health, Environment)

v

Estimate Expected Reductions in Pollutant
Emissions

v

Model Changes in Ambient Concentrations
of Ozone and PM or Other Pollutants

v

Estimate Expected Changes in Human
Health and Environmental Outcomes
(Health and Environmental Impact Analysis)

v

Estimate Monetary Value of Health and
Environmental Impacts (Benefits Analysis)




How does EPA choose health outcomes
to include 1n a benefits analysis?

Advice from the EPA Science Advisory Board

Consistency with particulate matter (PM) and
ozone Criterta Documents and Staff Papers

Well established concentration-response
functions available from the peer-reviewed
epidemiological literature

No double-counting of benefits

Focus on public health impacts rather than
physiological responses



What health effects do we quantify?

PM Ozone
Current

Mortality v (V)
Chronic bronchitis v

Nonfatal heart attacks v

Hospital admissions v v
Asthma ER visits v v
Acute respiratory symptoms v v
Asthma attacks v v
Work loss days v

Worker productivity v
School absence rates v




Emerging Public Health Impacts

* Infant mortality/low birth weight
* Decreased lung development

* Cancer

* Doctor visits

* New incidence of asthma

* Not quantified due to
— Lack of appropriate baseline incidence rates
— Not enough weight of evidence

— Not easily monetized or characterized in terms of
public health significance



So what are the key pieces?

m Incidence rates
m Affected populations (prevalence)

m Estimated pollutant effect coefficients
(concentration-response or C-R
functions)

m Modeled changes 1n ambient air
pollution



Premature Mortality Example

A Mortality = —[yo (e AMes 1)]-p0p,

Key elements: y,= county-level all-cause annual death rate per
person ages 30 and older

B= the pollution effect coefficient (obtained from
epidemiological literature) = 0.0046

APM, . = the modeled change in annual mean PM,
concentration

pop = total population, 30 and older



Key Sources of Uncertainty

m  Projection of inputs and impacts across time and space

m  Uncertainty regarding interpretation of observed data, 1.e.
potential thresholds in concentration-response functions

m  Use of modeled changes in ambient concentrations of PM
and ozone

m Use of valuation estimates based on similar but not
1dentical health risks
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How does EPA currently handle
uncertainty?

Use Monte Carlo methods to characterize uncertainty
around health impacts and valuation estimates

For studies that can be pooled, estimate confidence
intervals on quantified health effects accounting for
within-study and between-study variability

When pooling 1s not appropriate, present alternative
estimates to show the impact of assuming different C-R
functions or endpoint definitions

Use sensitivity analyses to show the impact of thresholds
and lag structures on mortality-related benefits
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Key 1ssues of contention in recent analyses

Thresholds in PM health effects (SAB and NAS advice is to assume no
threshold)

Length of lag between reductions in ambient PM and reductions in incidence
of premature mortality (SAB advice is to assume a 5-year distributed lag,
NAS says to reconsider)

Lack of direct biological mechanism for observed epidemiological evidence
of PM mortality (SAB and NAS advice is to assume causality for purposes of
benefits analysis)

Role of specific causal agents, i.e. sulfates or nitrates, within the complex
mixture of PM have not been identified (SAB and NAS advice is to treat all
PM components equally but consider in uncertainty analysis)

Treatment of potential ozone mortality impacts (SAB advice is pending)

Treatment of potential impacts of air pollution on prevalence of asthma (S4B
advice is to exclude in analysis)

Estimation of asthma related respiratory symptoms (S4B advice is to include
effects on asthmatic children)

Valuation of reductions in risk of premature mortality (SAB advice is to use
$6.3 million per statistical life saved)

Use of life years vs. lives saved (SAB advice is to use lives saved for benefit-
cost analysis, life years may be useful for cost-effectiveness analysis) 12



Key elements of the benefits analysis that
have not received sufficient input from the
scientific community

Health baseline definition,

Apportionment of risk changes among multiple pollutants,
Statistical model selection, 1.e., threshold or linear
Definition of the affected population(s),

Quantification of the distribution of risk among
subpopulations, and

Appropriate methods for quantifying uncertainty in the
health benefit estimates.
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“Built-in” assumptions

C-R function 1s non-threshold and can be extrapolated
down to background concentrations (follows SAB advice,
supported by current literature)

C-R function can be transferred from study location to all
locations in the U.S. (we use estimates pooled across
locations where available)

In general, C-R function only applies to population
examined in study, however, SAB has suggested
extending asthma attacks to children aged 6 to 18

C-R function is constant over time and environmental
conditions
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How do we value improvements 1n
public health?

Cost of illness (COI)

—  Hospital admissions

—  Work loss days
Willingness to Pay

—  Premature death

—  Chronic bronchitis

—  Respiratory symptoms

Quality adjusted life years (QALY) — measured in terms
of “healthy” life year equivalents rather than dollars
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Cost of 1llness

Captures the direct dollar savings to society
of reducing a health effect

Ignores the value to individuals of reduced
pain and suffering

Generally a lower bound when no WTP
estimates are available
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Willingness to Pay

Measures the complete value of avoiding a health
outcome

Relies on either revealed or stated preferences for
risk reductions

— Revealed preferences from labor market studies
provide values for fatal risk reductions

— Stated preferences from “contingent valuation”
studies provide values for chronic illnesses and acute
respiratory effects

Generally more uncertain than COI
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Current mean values for health effects
(2000 $)

Premature death:
Chronic bronchatis:
Heart attacks

Hospital admissions:
ER visits:

Acute bronchitis
Respiratory symptoms
Asthma attacks

Work loss days
School loss days

$6.3 million (WTP)
$340,000 (WTP)
$67,000-$141,000 (COI)
$7.000 - $18,000 (COI)
$300 (COI)

$360 (WTP)

$15 - $50 (WTP)

$40 (WTP)

$100 (COI)

§75 (COI)
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**' BenMAP 2003 Beta 1.0
Data Tools Help

‘ Create Air Quality Grnids

Create and Bun
Configuration

Aggregation. Pooling,
and Yaluation

‘ ‘ Create Reports ‘
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Key Features of BenMAP

Includes all of the key inputs to a benefits
analysis

The user only has to provide modeled data — or
select monitor data for a “‘what 1f” style analysis

BenMAP 1s an integrated GIS mapping, query,
and statistics tool

Outputs results (exposure, incidence, and
valuation) 1n a variety of formats, including
spreadsheets and shape files suitable for use with
standard GIS packages such as ArcView
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Key Features of BenMAP

 BenMAP is relatively fast

— Can produce a simple benefits analysis in minutes or
a complex analysis within a work day

— Can be run 1n batch mode to quickly produce
analyses of multiple control scenarios

 BenMAP i1s cheap to run

— BenMAP allows analysts to complete benefits
analyses in-house, saving contract dollars

— BenMAP can be modified to work with a number of
air quality models, so that advances in modeling can

be easily adopted in benefits modeling
21



Air Quality Features

Able to use a wide variety of air quality data, both
monitored and modeled

Preloaded with AIRS data for ozone, PM 10, and
PM2.5 for a number of recent years (1996-2002)

Provides several options for creating population
exposure maps

— Direct use of monitor or model data

— Use of model data with monitor data in a relative
sense — allows for greater reliance on observational
data in making future air quality predictions
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Example of Air Quality Input Map

' BenMAP GIS

= H & 9 ®\|§e Mg = |Albels Equal Area Canic | v

Layers

Fii2.5, 2002
4.00-5.70
5.70-7.40
7.40:3.10
9.10-10.80
10.80-12.50
1250-14.20
14.20-15.90
15.90-17.60
17.60-19.30
19.30-21.00

WNA 2002 PM25 M

4.00-5.70
5.70-7.40
7.40-9.10
3.10-10.80
10.80-12.50
1250-14.20
14.20-15.90
15.90-17.60
17.60-18.20
159.30-21.00
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Benefits Analysis Features

Preloaded with hundreds of C-R functions and
valuation functions, users can easily add more
with the full featured equation editor

Can aggregate results at the county, state, or
national level

Provides tools for integrated uncertainty analysis

— Provides flexibility in pooling and summing
incidence and valuation results

— Estimates distributions of incidence and valuation
results using Monte Carlo methods
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Outputs

* You can export results to a number of
formats, including spreadsheets or GIS
shape files

* You can also view your results using the
mapping tools available on the menu bar
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Example of Mapped Change in Ambient Particulate Matter

"' BenMAP GIS

¥ Cantral Grid
I¥ Baseling Grid

Close |
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Example of Mapped Change in Mortality Incidence Results

*"'|BenMAP GIS

™ OH zero out 2.cfar
I~ OH zero results 3.ap)

¥ OH zero results 3.2p

0.00-15.30

| 15303060
30.60-45.90 ;

45.90-61.20 ' InfoForm

£1.20-76.50

7E.80-91.80

| 91.80-107.10
107 10122 40

122 40-137.70

| 137.70-153.00




Example of Mapped AQ and Mortality Incidence Results

"' BenMAP GIS
G n‘ "J ]e\l Q I ﬂ W BJ x I lAIbers Equal Area Conic L] States
[ Layers 1 [FA— L —r

R

™ OH zero out 2.cfar K )

;I‘ OH zero results 3.ap ’\2\ /_[/’\"’/\

¥ OH zero results 3.ap L/ ﬁ }
0.00-15.30 Z/d UJ

| 15.30-30.60

30.60-45.90
45.90-61.20 P
£1.20-76.50 1

S=1E

gfgg?é?s?n \. Statiztics: Sample Walues:
22401770 Mean: [352 028 3
137.70-153.00 i [0.00 8122 =
Max: |152.44 S§§
StaDev: [3.07 ner
Sum: |3842.EI1 S%g
b o Count; |1 03z E]f v
1].4
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Transparency

BenMAP 1s ultimately intended for public use
and public scrutiny

We have included a detailed User’s Guide with
extensive appendices documenting model
algorithms and data sources

With each run, the user can generate an “audit
trail” listing details of the run for QA and
comparison with other analyses

Consistent with Data Quality Guidelines, this
“audit trail” can and should be shared with
reviewers
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Audit Trail Example

Audit Trail Report

=) Configuration Fiesults: C:\Program Files'&bt Associates Inc\Configuration Resultshprezentation pooling exarple. cfar
+- Bazeline Air Quality Grid: C:%Program Files\Abt Associates Inchair Quality GridshPrezenation rollback base agg
+- Contral Arr Quality Grid: C:5Program Files\Abt Azzociates Inchair Quality Grids\Presenation rollback contral.agg
Latin Hypercube Poirts; 10
Pollutant: FM2.5
Year 2000
Threshold: 0.000000
- Selected Studies
Moolgawvkar, 2000 | B5-74; CO; no CD410
toolgavkar, 2000 | 75-84; CO; no ICD410
toolgavkar, 2000 | 85+; CO; ne ICD410
Lippmann et al., 2000 | 65-74; 03
Lippmann et al., 2000 | 75-84; 03
Lippmann et al., 2000 | 85+; 03
Lippmann et al., 2000 | E5-74; 03
Lippmann et al., 2000 | 75-84; 03
Lipprmann et al., 2000 | 85+; 03
Lippmann et al., 2000 | 65-74; 03; no ICD410
Lippmann et al., 2000 | 75-84; 03; no ICD410
+- Lippmann et al., 2000 | 86+; 03; no ICD410
= Advanced
Incidence Agagregation Level: State
Yaluation Aggregation Level: Mone
Default Advanced Pooling Method: Round *weights to Twa Digits
Drefault Monte Carlo lterations: 5000
Random Seed: 378245560
Dollar Year: 2000
= Incidence Paooling Trees
=+ Pooling Tree 1
= Hogpital Admiszionz, Cardiovascular [Pooling Method: Random / Fiked Effects] [Advanced Pooling Method: Round 'weights to Two Digits]
=1 Pwieight: 076, Mean: 306760, StdDev: 3,196.05] Moolgavkar, HA, All Cardiovascular, 2000, Los Angeles, CA [Pooling Method: Sum [Dependent]]
G5, 74, 65-74; CO; no [CO410, AllL Al CO, TwentyFourH aurD aillptverage, [exp(B eta*DELTALD M F{lncidence-Incidence2POR, 1
75, 84, 75-84; CO; no (CDAT10, Al Al CO, TwentyFourHowrD ailpéverage, [exp(Beta*DELTAD | neidence- ncidence2*POP, 1
85, Max, 85+; CO; no ICDA10, &l All, CO, TwentyFourHowrD allpdverage, (exp(Beta*DELTAQDH MIncidence-ncidence2*POR, 1
= [w'eight: 0.24, Meat: 9.084.97, StdDew: 5,747 26] Lippmann et &l [Pooling Method: Sum [Dependent]]
[+ Ha, Congestive Heart Failure, 2000, Detroit, M| [Pooling Method: Sum [Dependent]]
[+ Ha, Dipzrhythrmia, 2000, Detroit, Ml [Fooling Method: Sum [Dependent]]
[+ Ha, lschemic Heart Disease, 2000, Detroit, M| [Pooling Method: Sum [Dependat]]
[+ Waluation Pooling Trees

=-F-E-F-FE-E-E-E- - E

Expart QK
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Results of recent analyses

CLEAR SKIES
Utility NOx and SO2 caps of 1.7 million and 3 million
tons respectively
14,100 premature mortalities avoided
8,800 cases of chronic bronchitis avoided
30,000 hospital admissions avoided
Millions of respiratory symptoms days avoided

Millions of work loss days avoided

Valued at $113 billion (relative to $6.3 billion in costs)
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Results of recent analyses (cont)

* Tier 2 and Heavy Duty Engine regulations

— Reduces NOx emissions by over 5 million
tons by 2030

— 13,000 premature mortalities avoided

— 7,800 cases of chronic bronchitis avoided

— Millions of acute respiratory symptoms and
work loss days avoided

— Valued at over $100 billion
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Results of recent analyses (cont)

* Nonroad Diesel Engines

— By 2030, reduces NOx emissions by over 800,000
tons and diesel PM by over 126,000 tons

— 9,600 premature mortalities avoided
— 5,700 cases of chronic bronchitis avoided
— 16,000 nontfatal heart attacks avoided

— Millions of acute respiratory symptoms and work
loss days avoided
— Valued at over $80 billion
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